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Adult recruitment as a function of juvenile growth rate in sizestructured plant populations M. R. Fulton, Inst. of Ecological Botany, Uppsala Univ., Box 559, S-751 22 Uppsala, Sweden
Summary. The recruitment of adults in size-structured plant populations will be sensitive to changes in juvenile growth rates when: 1) mortality is high, 2) growth rates are low, 3) the difference between seedling and adult size is large and 4) selfthinning among juvenile plants is negligible. This sensitivity can be quantified by a single parameter in a simple, general expression relating recruitment to growth. The model is demonstrated for the prediction of young spruce tree densities on small plots, and the calculation of the parameter is shown for two published demographic studies. The model can also predict features of population response to an environmental gradient, such as long tails or abrupt cut-offs, even when these features are not found in the physiological response to the gradient.
Theory
The assumptions made in the following derivations apply to populations of long-lived perennials, and possibly to annuals with size-structured demography within the growing season. Growth and mortality are treated as continuous processes unaffected by the size or density of the surrounding members of a cohort; there is no self-thinning. This assumption may often hold for small plants and/or low sowing densities. Notice that crowding by other species or cohorts is not ruled out; only self-thinning within the cohort.
The rate of escape from the vulnerability of small size is a critical factor in the life cycle of many plant species. Recruitment into the adult population may depend on many factors such as seed rain, germination rates, local environmental heterogeneity and episodic herbivory; but, in populations where the mortality rate is concentrated in the early stages of growth, adult recruitment may be highly sensitive to differences in growth rate. Some forest dynamic simulation models (Pastor and Post 1985) assume a linear relationship between growing conditions in the understory and recruitment into the adult tree population, but the form of this relationship, while plausible, is arbitrary. The purpose of this paper is to derive a simple relationship between the growth and mortality rates of juvenile plants and the rate of recruitment into the adult population. I apply the model to a field study of young spruce tree densities, and two published demographic studies of long-lived perennials.
Constant mortality and growth rate
Consider the fate of a cohort of seedlings, of initial population No at time t = 0. If the mortality rate k is constant, the remaining population at time t is:
Each individual plant has initial size Bo (arbitrary units) at t = 0, and for simple exponential growth the size of an individual at time t > 0 is:
where r is the rate of growth. The time taken to grow from Bo to a 'mature' size Bx is then:
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Discussion
I pointed out earlier how the model derivation depends on the assumption that self-thinning within the cohort is negligible. Self-thinning sets an upper limit on the density of plants at a particular size, making the recruitment rate insensitive to changes in the growth rate. A flat relationship between adult recruitment and growth rate therefore does not distinguish between a population with a low a and a population with juvenile self-thinning.
Eq. (4) is one explanation for the difference between the physiological and population response of a species to an environmental gradient. Physiological responses to environmental factors may be almost parabolic (e.g. Prince et al. (1985) . Differences between physiological and population responses can arise without density-dependent effects or interspecific competition.
The relationship described in this paper is a fairly general consequence of size-structured as opposed to age-structured demography. One practical application of the theory is to provide a rational basis for modeling tree recruitment in forest dynamic simulation models. More generally, the model suggests further linkages
